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DERMAL CHEMICAL RESPONSE TO DIETARY RICKETS IN RATS*
R. A. JACOB AND J. C. Houcnf Pu.D.
Templin and Steenboek (1) have shown that
rats fed diets in which the calcium to phosphate
ratio was 5 to 1 demonstrated pathological changes
appropriate to rickets, even in the face of small
amounts of added vitamia D. Rickets is known to
involve mineralization defects of the hard con-
nective tissne (bone, cartilage) and it has been
suggested that some alteration in the organic
matrix of these tissues (i.e. collagen) may also
be involved (2). Recent histological studies in
rachitie rats do not seem to indicate any such
defect in the collagenous structures of the tissues,
however (3). To the authors' knowledge, no
effects of rickets upon the soft connective tissues
have ever been either suspected or proposed.
This paper describes alterations in the hexo-
samine and collagen (hydroxyproline) content of
soft connective tissue (skin) in rats rendered
rachitic by the Steenbock and Black diet men-
tioned above.
MATERIALs AND METHODS
After weening, 24 Osborn-Mandell strain male
rats were placed on Steenbock diet for 60 days.
These animals were kindly provided by Mr.
William Hooper of the Food and Drug Agency
Laboratories, Department of Health, Education
and Welfare, Washington, D. C. The animals
weighed 85—100 gm, instead of about 200 gm. as
normal for their age. Twelve of these animals
had received 5 international units of vitamin D
per day, while the other twelve rats had received
12—15 units per day. Both groups of rachitic
animals were sacrificed along with two similar
groups of normal rats weighing an average of
either 100 or 200 g as controls. The abdominal
skin of all animals was excised, shaven and dis-
sected free of adhering fat, fascia and muscle.
After mincing the fresh, cleaned tissue, skin from
the animals of each group was combined into two
pools representing 6 animals each. The pooled
tissues from both normal and rachitic groups
were extracted sequentially in the cold with 0.15
M NaC1, 0.50 M NaC1 and 0.5 M citrate buffer
as previously described (4). These extractions
have been shown to remove ground-substance,
neutral soluble and citrate soluble collagen re-
spectively (4). These extracts and aliquots of
whole skin from each animal from both normal
and raehitic groups were hydrolysed in 4 N HC1
for 8 hours at 1000 C, and their hexosamine (5)
hydroxyproline (6) and nitrogen (7) contentdetermined. The sum of each of these various
components in the soluble fractions was subtracted
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from the appropriate total dermal concentra-
tion determined by analysis of the whole skin
and the insoluble dermal collagen, hexosamine
and nitrogen content of the tissue calculated by
difference. The total dermal concentrations of
each component were obtained as the mean of
TABLE I
,Solubility of dermal hexosamine (Hex) end
hydroxyproline (Hypro) in pmoles per mmole
total dermat nitrogen (N) in the skin of
normal and rachitic rats
12 animals determined in triplicate, while the
results of the analyses of the various fractions
were expressed as the mean of triplicate determina-
tions of extracts of both pools of tissue from each
group of animals. To minimize the error con-
tributed by variations in dermal fat and water,
these results were expressed in terms of jzmoles
of either hexosamine or hydroxyproline per
mmole of total dermal nitrogen.
Ra-
chitictII
Nor-
ma!
(250
C)
Ra-
rhitictI
6.5*
28
6.5* 4.7
32 39
1.4* 1.4* 2.2
1.4 1.5 1.4
0.54* 0.51* 1.5
Nor-
mal
(100
C)
3.8
29
2.5
1.2
1.7
2.9 4.8*
0.83 0.34
2.2 45*
0 0
18.4 17.3
0 0.52*
65 62
0 35*
50 47
Total
N (mmoles/gm)
Hypro (pmoles/
mmole N)
Hex (pmoles/mmole.
N)
0.15 M NaC1 Soluble:
Hypro
Hex
0.50 M NaC1 Soluble:
Hypro
Hex
0.50 Citrate Soluble:
Hypro
Hex
Insoluble:
Hypro
Hex
% Collagen insoluble
% Hexosamine insoluble
% Non-collagenous pro-
tein insoluble
4.8* 2.5
0.36 0.66
5.8* 1.6
0 0
19.9
0.48k
62
4Q*
40
32.8
0
82
0
22
* Significantly different from both controls
(p < .05).
t Rachitic I = animals on 5 units vit. D/day,
Rachitie II = animals on 15 units vit. D/day.
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RESULTS AND CONCLUSIONS
The total Soluble and insoluble hydroxyproline
and hexosamine concentration in jzmoles/mmole
total dermal nitrogen of the Skin of normal 100 g
and 200 g rats and in animals rendered rachitic
with a diet containing 5 or 15 international units
of vitamin D per day is shown in Table I. Although
the total hydroxyproline content of skin from
rachitic rats was similar to that of the 100 g con-
trols, both the total dermal nitrogen and the
hexosamine concentrations of the rachitic skin
differed significantly from either control analyses.
Ground substance, as measured by isotonic saline
soluble hexosamine (4) was reduced in rachitic
skin to L of either control, while both the neutral
and the citrate soluble collagen concentrations
were about doubled with rickets. Further, with
rickets an unique insoluble hexosamine contain-
ing material was found in the dermis. The dermal
analysis of rachitic animals receiving 5 units of
vitamin D per day were not significantly different
from those receiving 15 units per day.
The percent of the total hexosamine, hydroxy-
proline or non-collagenous protein in the skin
which was insoluble was calculated and the results
presented in Table I. In the case of a decrease in
total dermal hexosamine and ground substance,
about 40% of this amino sugar appeared hI raehitic
rat skin in an unique insoluble form. Since the %
of the total dermal non-collagenous protein which
was insoluble was unchanged with rickets, it
would appear unlikely that this insoluble hexo-
samine was associated with an insoluble glycopro-
tein. Further, the disproportionate increases in
insoluble nitrogen appropriate to the accumula-
tion of such an insoluble glycoprotein would have
decreased the ratio of insoluble hydroxyproline to
nitrogen. Since these changes were not observed,
it is difficult to attribute the insoluble hexosamine
concentration of rachitic skin to glycoprotein.
Rather, the data suggest that with decreased
ground substance in rickets, there was an ap-
pearance of a mucopolysaccharide which was
strongly bound to insoluble collagen. A similar
insoluble hexosamine containing material was
found in the skin of normal rats, weighing more
than 250 g (8).
sUMMARy
Diet-induced rickets in rats, a condition demon-
strating a mineralization defect, was associated
with changes in the collagen and hexosaminc
content of the soft connective tissue (skin). These
changes involved a decrease in ground substance,
and an increase in both soluble collagens and an
insoluble mucopolysaecharide when compared
with controls for either body weight or age.
ACKNOwLEDGMENTS
The authors wish to acknowledge the technical
assistance of Jean E. Johnston.
REFERENCES
1. TEMPLIN, V. AND STEENBOCK, II.: The effect
of vitamin D on teeth of rats. J. Biol. Chem.,
100: 217, 1933.
2. ALBEIGIIT, F. AND REIFEN5TEIN, E. C.: Theparathyroid glands and metabolic bone
disease. Baltimore, Williams and Wilkins
Company, 19483. JEvING, J. T.: Histochemical changes in
epiphyseal cartilage during rickets. Nature,
181: 704, 1959.
4. HoucK, J. C. AND JACOB, R. A.: Chemical
dissection of rat skin, Proc. Soc. Exp. Biol.
Med., 105: 324, 1960.
5. BLIX, G.: The determination of hexosamines
according to Elson and Morgan. Acta. Chem.
Seand., 2: 467, 1948.
6. MARTIN, C. J. AND AXELEOD, A. E.: A modified
method for the determination of hydroxy-
proline. Proc. Soc. Exp. Biol. Med., 83:
461, 1953.
7. iloucic, J. C., JACOB, R. A. AND MAENGWYN-
DAvIEs, G. D.: The effect of sodium Dilantiu
administration upon the chemistry of the
skin. J. Clin. Invest., 39: 1758, 1960.
8. Houcmc, J. C., JACOB, R. A. AND DEANGELO, L.:
Dermal chemical response to ageing. Proc.
Soc. Exp. Biol. Med., 107: 280, 1961,
